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(54) ACTIVE NOISE INSULATING METHOD 

(57)Abstract: 

PURPOSE: To improve the noise insulation of a wail 
partitioning between a noise source room and a sound 
receiving room without using a weight wail or honeycomb 
structure wall. 

CONSTITUTION: The vibration mode of the wall 1 partitioning 
between the noise source room A and the sound receiving 
room B is analyzed to specify a vibration mode relating to the 
radiation of sound, a low-dimensional model for the wail 1 in the 
vibration mode is prepared, sensors 12c, 12u, 121 for detecting 
the acceleration/displacement of vibration are arranged on 
respective points of the wall 1 which correspond to respective 
mass points of the obtained low-dimensional mode!, and an 
actuator for applying braking force to the wail 1 is fixed at ieast 
to one position of the wall 1 and driven so as to suppress the 

vibration of the wall 1 based upon detection signals outputted from the sensors 12c, 12u, 121. 
Consequently the vibration of the waii 1 can be controiied so as to cancel only vibration relating to 
the radiation of sound without exciting the vibration of a vibration mode unrelated to the radiation of 
sound. 
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CLAIMS 

[Claim(s)] 

[Claim 1]The mode of vibration which analyzes the mode of vibration of a wall which divides a sound 
receiving room which wishes a noise source room which builds in a noise source, and a noise 
reduction, and participates in radiation of a sound is specified, Arrange a sensor for detecting the 
acceleration of vibration thru/or displacement on each point of a wall corresponding to each mass 
point of a low dimension-ized model obtained by creating a low dimension-ized model of a wall in the 
mode of vibration, and an actuator for making damping force act on a wall is attached to at least one 
place of a wall, An active noise insulation method characterized by making it drive an actuator that 
vibration of a wall should be controlled based on a detecting signal from each sensor. 
[Claim 2]An active noise insulation method according to claim 1 which specified the mode in which 
the mode-of-vibration form was a non-object acoustically, as the mode of vibration which participates 
in radiation of the above-mentioned sound. 

[Claim 3]An active noise insulation method according to claim 1 or 2 which attached the above- 
mentioned actuator to a part corresponding to a mass point of the above-mentioned low dimension- 
ized model of the above-mentioned wall. 


[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial AppiicationjThis invention relates to the active noise insulation method which improved 
insulation by controlling vibration of a wall in consideration of the oscillation characteristic of the wall 
which divides a noise source room and a sound receiving room. 
[0002] 

[Description of the Prior ArtjHow to negate the sound emitted from the noise source as a measure 
against noise in the air, and the method of intercepting the propagation path of a sound on the way 
can be considered. The noise control art what is called by an active canceler which detects the sound 
from a noise source with a microphone, generates the signal of it, and an opposite phase and the 
same amplitude by a loudspeaker, and cancels the sound near a noise detecting point about the 
former (offset) appears, It applies to noise reductions, such as the shrine interior of a room of a duct, 
a refrigerator, and a passenger car, and the result is got. About the latter, the passive method of 
covering noise is still adopted by dividing with the large wall of sound transmission loss between the 
sound receiving rooms which wish the noise source room which builds in a noise source, and a noise 
reduction. 
[0003] 

[Probiem(s) to be Solved by the SnventionjHowever. [ whether material with large specific gravity of 
lead, iron, etc. is used for a wall in order to acquire high insulation by the conventional noise 
insulation method, and ] Or application is difficult under the condition where needs to use thick sound- 
absorbing materials, such as honeycomb structure, etc., and a weight saving is required like a 
present-day building and which has restriction also in capacity. 

[0004]This invention is originated under such a situation, and the purpose is to provide the active 
noise insulation method that high insulation can be acquired, without using a weight wail, a 
honeycomb structure wall, etc. 
[0005] 

[Means for Solving the ProbiemjTo achieve the above objects, in an active noise insulation method of 
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this invention, The mode of vibration which analyzes the mode of vibration of a wall which divides a 
noise source room and a sound receiving room, and participates in radiation of a sound is specified, 
Arrange a sensor for detecting the acceieration of vibration thru/or speed on each point of a wail 
corresponding to each mass point of a low dimension-ized model obtained by creating a low 
dimension-ized model of a wall in the mode of vibration, and an actuator for making damping force 
act on a wall is attached to at least one place of a wall, An actuator is driven that vibration of a wall 
should be controlled based on a detecting signal from each sensor. 

[0008]ln a noise insulation method of this invention, it is desirable to specify the mode in which the 
mode-of-vibration form is a non-object acoustically, as the mode of vibration which participates in 
radiation of the above-mentioned sound. 

[0007]ln a noise insulation method of this invention, it is desirable to attach the above-mentioned 
actuator to a part corresponding to a mass point of the above-mentioned iow dimension-ized model of 
the above-mentioned wall. 
[0008] 

[FunctionjThe active noise insulation method of this invention tends to control vibration of a wall to 
negate this only for vibration which participates in radiation of a sound paying attention to the point 
that the leakage of the sound occurs, when the wall which divides a noise source room and a sound 
receiving room resonates with noise and vibrates, since modern control theory effective in vibration 
control is unutilizable if the mode! of a controlled object is not specified, but a wall has the 
characteristic of the distribution constant of infinite flexibility -- model creation of limited flexibility - it 
is necessary to carry out And if flexibility is large, a controller will be enlarged, and since many 
number of sensors is necessities, it is desirable to low-dimension-ize a model to necessary minimum. 
Therefore, in the method of this invention, the mode of vibration which participates in radiation of a 
sound out of the mode of vibration which conducts mode-of-vibration analysis of a wall first, and exist 
in the predetermined frequency area which is going to insulate is specified, and the low dimension- 
ized model of the wall in the mode of vibration is created. Thus, it becomes possible to design a 
control system with the application of modern control theory by creating the low dimension-ized model 
of a controlled object. By and the thing for which the sensor for each point of the wail corresponding 
to each mass point of the obtained low dimension-ized model, i.e., near the peak magnitude point of 
the mode of vibration which were pinpointed, detecting the acceleration of vibration thru/or 
displacement is arranged. The vibrational state of a controlled object, i.e., a wall, can be observed, 
and vibration of a wail can be effectively controlled by driving an actuator based on the detecting 
signal from each sensor. 

[0009'jDrawing 5 is a monotonous example of mode-of-vibration analysis which constitutes a wall, and 
the 1-5th resonance frequency and a mode-of-vibration form are shown. When its attention is paid to 
the symmetry of a mode-of-vibration form, acoustically the 2-4th mode-of-vibration forms Symmetry, 
When it assumes that the primary mode-of-vibration form [ 5th ] is acoustically unsymmetrical, and 
the discharge of a sound and the quantity of a suction cancel it mutually acoustically in the case of 
the symmetrical mode, the mode of vibration which poses a problem which participates in radiation of 

http : / /www4 . ipdl . inpit . go. jp/cgi-bin/tran__web__cgi__ej j e?atw__u=http%3A%2F . . . 
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a sound is the primary mode [ 5th ] that is the unsymmetrical mode acoustically. Thus, by 
investigating the symmetry of a mode-of-vibration form, the mode of vibration which participates in 
radiation of a sound can be specified easily. 

[QOIOjThus, the peak magnitude point of the specified mode of vibration is equivalent to the 
paragraph of other modes of vibration which do not participate in radiation of a sound. Therefore, 
vibration of a wall can be controlled to negate this only for vibration which participates in radiation of a 
sound, without exciting vibration of the mode of vibration which does not participate in radiation of a 
sound, if the actuator is attached to this point. That is, if an actuator is attached to the paragraph of 
the mode of vibration and improper control and a sensor will be attached, the active noise insulation 
method of this invention will arrange a sensor or an actuator in the paragraph in the mode in which he 
would like to ignore, using becoming improper observation, and will control vibration of a wail. 
According to this method, the control system which can prevent spillover structurally can be built. 

[0011] 

[ExamplejNext, the example of the active noise insulation method of this invention is described. 
[0012]An example when drawing 1 applies the active noise insulation method of this invention to the 
wall 1 which divides the noise source room (piano room) A and the sound receiving room (study for 
children) B is shown. Since it is transmitted to the sound receiving room B via the wall 1 , if the noise 
of the noise source room A drives the actuator 4 based on the signal from the vibration sensors 12c, 
12u, and 121. attached to the wall 1 and vibration of the wall 1 is controlled effectively, the noise level 
of the sound receiving room B will reduce it substantially. 

[0013]Two kinds of gestalten of the equipment configuration taken in order to control vibration of a 
wall by the technique of this invention actively are shown in drawing 2. The figure (a) is a method 
which makes a fixing face support the actuator 4, attaches to the wall 1 , controls the actuator 4 by the 
controlled variable made by the controller 19 based on the sensors [ 12c, 12u, and 121. ] detecting 
signal, and makes damping force act on the wail 1 . 

The figure (b) is a method which attaches the actuator 4 to the wall 1 via an elastic body (here, a 
model is made by the retaining spring 20), and makes the damping force of the actuator 4 act on the 
wail 1 by making into reaction force the inertia force of the auxiliary mass md provided in the actuator 
4 instead of the fixing face. 

In the figure (a), when a fixing face is not acquired, the actuator 4 is separately supported by a 
support member. In that case, it is desirable to design the controller 19 in consideration of the 
characteristic of a support structure. 

[0014]Next, in order to show the validity of the active noise insulation method of this invention, a 
simulation and an experiment show the case which constitutes the wall of a building where this 
method is applied monotonously. 

[0015]The plate used for the experiment is plywood of 1200x1000x3 mm. As shown in drawing 3, it 
held vertically to the ground surface by fixing and attaching a periphery to the buck 3 fixed to the 
vertical wall 2 in this plate 18. And it is the plate 18 as shown in drawing 4 120 It decomposed into the 
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finite element of the individual and experimental mode analysis was conducted. From this analysis 
result to this plate It turned out that the 1st order to the 7th mode of vibration exists between 0 Hz - 40 
Hz. When it assumes that the discharge of a sound and the quantity of a suction cancel drawing 5 
mutually acoustically in the case of the symmetrica! mode of vibration as the primary resonance 
frequency [ 5th ] - the mode-of-vibration form in this case were shown and mentioned above, the 
mode of vibration which poses a problem here is the primary mode [ 5th ]. 
[0016]Next, it is based on the mode-of-vibration form of the plate 18 of the distributed parameter 
system which was able to be found in experimental mode analysis under the above-mentioned 
consideration, and three mass points are specified as the position on the piate 18 shown in drawing 
4, and 3 lumped mass models like drawing 4 are created. The spring constant of the spring between 
k.. (i and j are the numbers of each mass point), and each mass point and a fixing face is defined for 

the spring constant of the spring which connects m^ m 2 , m 3 , and each mass point for the mass of 

each mass point as k. (i= 1, 2, 3) here. However, external force f. (i= 1, 2, 3) which includes controlling 

force respectively shall act at each mass point. It is as follows when the equation of motion of these 3 
lumped mass models is built. 
[0017] 
[Equation 1] 

m,X,+<k ,+k 12+ k I3 )x ,-k ,jx,.k , 3 x 3 =r, ( |) 

m 2 X 2 +(k ,j+k J+ k„)x r k , 2 x fkjjx^f, (2) 

m^+Ocu+k^-t-kOxj-kjjXj-kuXi-fj (3) 

[0018]lf this formula is indicated by a procession, [0019] 
[Equation 2] 


[0020]lt becomes. Then, the characteristic mode procession acquired by solving the eigenvalue 
problem of this formula is set as follows. 
[0021] 
[Equation 3] 

[<hi ^2^33] (5) 
tztilfi}: (ili Jli*- K**) 

[0022]On the other hand, it is the relation between the inverse matrix of the mass matrix M of a 
physical coordinate system, and a characteristic mode procession, [0023] 
[Equation 4] 
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M-'=** T J A C. 

| B C 4ji«4ft+4ft. 

(6) 

♦ll-fal. *13f*33. *12=-*32, 

[0024]From the character of a mass matrix without acceleration ganging, A, B, and C must be zero. 
Then, error-function epsilon 1 and epsilon 9 are defined as foiiows, and it considers bringing these 

close to zero. 
[0025] 
[Equation 5] 


[0026]lf the five variables phi 11 included in each formula, phi 21, phi 12, phi 13, and the sensitivity 
procession of phi 23 are defined like a formula (7) and a correction vector {deltaphi} is defined further, 
an error function can be brought close to zero by a formula (8). 
[0027] 
[Equation 6] 
Pi 


^"1*2! Hi 0 

<*2 [ 2 «n 0 -?-*s: 


*23 *I3 
2*13 0 I 


-{:;} 


[0028]lf the characteristic mode procession which diagonaiizes a formula (6) is searched for and a 
mass matrix is calculated by a formula (8), it can be found as follows. 
[0029] 
[Equation 7] 

I m, 0 0 | f 0.3075 0 0 1 
0 m 2 0 U 0 0.5876 0 


[0030] If a stiffness matrix is calculated, it can be found as follows. 

[0031] 

[Equation 8] 
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[k,+k l2 +k 13 -k ix 
i -k i2 k, 2 +k ; +: 



f 0,69x10* -O-TaxiO- 11 OJOxSO 4 j 
= i-0.72xlG 4 l,22xi0 4 -0.72x].0 4 [ 
[0.30xlO 4 -OjaxiO 4 0.69xi0 4 J ( 10) 

[0032]From these formulas, the physical constant of the lumped-parameter-system 3 flexibility model 
shown in drawing 4 can be found as follows. 
[0033] 
[Equation 9] 

m i =O.3075[kg] i mi=0.5876[kg] i mj =O3075[kg] 
k 1 = 0.28x!0 4 [NH, k 1 = .0.2lxIO"lN/m3 
k, = 0.28x1 O^N/m], k i2 = O.72xi0tN/m] 
k Z3 m 0.72xl0tNAn], k i3 = -0.30xl0>/ra] 

[Q034]Comparison of the mode-of-vibration form obtained in actual experimental mode analysis and 
the mode-of-vibration type acquired by this modeling approach is shown in drawing 7. In the figure, 
thin solid lines are the mode form called for in experimental mode analysis, and the mode form from 
which the thick solid line was obtained with this modeling method, and it turns out that the mode is in 
agreement in three mass points. 

[0035]The control system at the time of thinking as important that amplitude controls the mode of 
vibration which is the 1st greatest order, and attaching an actuator also in each mode, to the low 
dimension-ized model created as mentioned above, at a central mass point (mass m ) is designed. 

Since the point of this center is equivalent to the paragraph of the secondary mode of vibration [ 3rd / 
4th J, ****** is a point which is not about vibration of these modes. This point is equivalent to the point 
of the center of the actual plate 18. 

[0036]The actuators 4 used in the active noise insulation method of this invention are improved goods 
of a loudspeaker. 

As shown in drawing 9, it has the moving coil 6 twisted around the circumference of the movable core 
tube 5, and the ring like magnet 7 which surrounds this, and it has become the mechanism of driving 
the diaphragm 8 which made electromagnetic force acting on this and was attached to the movable 
core tube 3, by controlling the energization to the moving coil 6. 

The actuator 4 Is held in the middle position of the plate 18 by fixing the flange 7a of the ring like 
magnet 7 to the support member 9 of the couple which built the buck 2 of the plate 18 in parallel 
mutually, and was provided in it as shown in drawing 1 with the bolt 1 0, The connection with the plate 
18 is made by connecting to the point of the center of the plate 18 the tip part of the connection binder 
1 1 of the taper which protruded on the center section of the diaphragm 8 by methods, such as 
adhesion. In drawing 9, the supporter of the movable side element containing the diaphragm 8 to the 
fixed side element containing the ring like magnet 7 Is modeled and shown by the spring (spring 
constant k § ) and the attenuation factor (damping coefficient C s ). 

[0037]Then, the low dimension-ized physical model at the time of attaching this actuator 4 to the plate 
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18 is expressed like drawing 8. This physical model considers the support member 9 as a perfect 
rigid body. 

It is equivalent to the mode! in the case of drawing 2_{a). 


[Q038j!t is as follows, when the equation of motion at the time of attaching the actuator 4 to mass m 2 

using this physical model is created and this is expressed with an equation of state. 
[0039] 

[Equation 10] 

X=AX+bu 


in) 


X«[*, *j *, x, x, xj 



hi 

tti. 

ID) 

hi 
nv, 

hi 
in, 

0 

0 

0 

0 
0 
0 

rn 3 

fc,j+k B +kj 
«"j 
0 
0 
0 


b-Kf(0 ^ G 0 !) 0 fl| 


(19) 
(20) 


[0040]Thus, if a control system is expressed with an equation of state, the optimal control theory 
which is modern control theory is applicable, in optimal control theory, the following state feedbacks 
determine a controlled variable. 
[0041] 

[Equation 11] 

u=-KX _ (21) 

K=f Ki Kj Kj K 4 K 5 K 6 ] {2 2) 
ZZ?. KlittTfliffliMftJ tMti-ZYJ 

J=f"(XQX 8 +!iRii i }dl 
Jo (23) 

[0042]The simulation of the vibration control of the plate 18 was performed using the above designed 
value. The result of the frequency response is shown in drawing 10. In the figure, (a) shows the 
frequency response in the point of the center of the plate 18, and (b) shows a response at the point of 
the sensor attached to one belly of the 5th mode of vibration of the plate 18. As shown in (a), when 
active control is added, the peak of vibration of the primary mode [ 5th ] is decreasing, and an 
effective effect of intercepting noise can be expected. Since the fixing position of the actuator 4 is a 
center of the plate 18 in (b), to the secondary mode of vibration, become improper control, but. It 
turns out that the peak of the primary mode of vibration [ 5th ] can be reduced without affecting the 
peak of the secondary mode of vibration from the result of this simulation. 

[0043]Next, the time response corresponding to this frequency response is shown in drawing 1 1 . The 
time response in the point of the center of the plate 18 is quickly converged by active vibration 
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control, as shown in the figure (a). As the time response in the point of the upper part of the plate 18 
is shown in the figure (b), the secondary peak remains as weil as a frequency response, but the 
primary mode [ 5th ] is converged. 

[0044] Next, as shown in drawing 3, the noncontact sensors 12c, 12u, and 121, for detecting 
displacement of each point at the point Pc of the center of the plate 18 and the points Pu and PI of 
two bellies (upper part and lower part) of the 5th mode of vibration are arranged, Each displacement 
data the case where the actuator 4 is operated, and in not operating was measured. 
[0045]The composition of the controller 19 used in this experiment is shown in drawing 12. In this 
composition, the displacement signal from each noncontact sensors 12c, 12u, and 121. is inputted into 
the personal computer 14 through A/D converter 13 by 1 kHz of sampling frequencies. The personal 
computer 14 computes a speed signal by differentiation of this displacement signal, and obtains each 
quantity of state. And a controlled variable is computed by carrying out the multiplication of the 
feedback gain which used and determined optima! control theory as the obtained quantity of state. 
After the controlled variable computed with the persona! computer 14 is changed into an analog 
signal by D/A converter 15, it is amplified with the amplifier 16 and inputted into the actuator 4. With 
this input signal, the actuator 4 drives and vibration of the plate 18 is controlled. 
[0048]lmpulse excitation of the upper part of the plate 18 Is carried out to drawing 13, and the 
frequency response obtained with the FFT-analysis machine is shown. In the figure, a dotted line is 
the response at the time of un-controiling, and a solid line is the response at the time of control, (a) is 
the response detected by the sensor 12c attached to the central part of the plate 18, and (b) shows 
the response at the point of the sensor 12u attached to the upper part of the plate 18. The peak of the 
primary frequency [ 5th ] is observed for both sides at the time of un-controiling. When control is 
applied to this plate 18, it turns out that the primary peak value [ 5th ] is failing greatly and vibration is 
controlled effectively. In drawin g 14 (b), it is observed by having formed the actuator 4 in the point of 
the center of the plate 18 which is an improper contro! point of the secondary mode of vibration, 
without exciting vibration of the secondary mode. This is very well in agreement with the result of a 
simulation, and, thereby, the validity of 3 lumped mass models understands it. This experimental 
result shows that vibration can be controlled without carrying out spill OBAWO generating also about 
the 6th mode [ 7th ] that is the simultaneous still higher order mode. 

[0047]Therefore, by applying the composition of the above-mentioned control system to the wail 1 
which divides the noise source room and sound receiving room of a actual building, vibration of the 
wall which participates in radiation of a sound can be prevented, and high insulation can be acquired, 
without using a weight wall, a honeycomb structure wall, etc. When applying this method to the actual 
wall 1, the persona! computer 14 of the controller 19 shown in drawing 12 can be reset to the thing of 
the minimum necessary, such as a microcomputer chip and a memory device. 
[0048}in the above-mentioned example, if the control system is designed in consideration of vibration 
of the support member 9 which supports the actuator 4, it is possible to be able to control vibration of 
a wall more effectively and to acquire insulation stii! higher than the above-mentioned example. The 
physical mode! for designing this control system is created, for example like drawing 14. in the model 
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shown in drawing 8, this physical mode! adds lumped mass m c and spring constant k^ of the model 

element 9 of the support member 9, i.e., a support member, between the model element of the 
actuator 4, and a fixing face. 

[0049]lt is as follows, when the equation of motion is created using this physical model and this is 
expressed with an equation of state, However, since it is easy, attenuation factor C g of the actuator 4 

ignores. 
[0050] 

[Equation 12] 
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[0051 ]By determining a controlled variable as this equation of state with the application of optimal 
control theory, a control system also including the support member 9 of the actuator 4 can be 
designed. The thing of the same composition as drawing 12 can be used for the control device in that 
case by changing a program, data, etc. which are stored in the computer 14. 
[0052]The active noise insulation method of this invention is not limited to the above example, and, 
for example the mounting part of the actuator 4, As long as it is a part which does not excite the mode 
of vibration which can make damping force act on the mode of vibration which participates in radiation 
of a sound, and does not participate in radiation of a sound, except the center section of the plate 18 
may be sufficient, and it may attach to two or more parts of the plate 18. When two or more actuators 
4 are used, a control system will become more complicated than the above-mentioned example, but 
the vibration control of the plate 18 with higher insulation is possible. 

[0053]lt may replace with the above-mentioned noncontact sensors 12c, 12u, and 121., and an 
acceleration sensor may be used. Since an acceleration sensor can be used for the plate 18, 
attaching it to it directly, erroneous detection of the vibration of the holding frame 3 etc. is not carried 
out as vibration of the plate 18, and it is suitable for the actual control system rather than the 
noncontact sensor. 

[0054]The active noise insulation method of this invention can be applied to a griddle, a glass plate, 
and other various waliplates other than the plywood shown in the above-mentioned example, and can 
be applied effective also in the wall of a passenger car, a marine vessel, etc. 
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[0055]the example of being versatility, such as various studios and an engine room, can be 
considered besides the piano room shown in this example as an example of a noise room. If a wail is 
considered to be an outer wall of a hull, the feature of the ship recognized by the pattern of a sound is 
also arbitrarily changeable by the active noise insulation method of this invention. 
[0056] 

[Effect of the Inventionjln short, according to the active noise insulation method of this invention, the 
outstanding effect like the following can be demonstrated above. 

[0057](1) According to the invention according to claim 1, since vibration of a wall is controlled to 
specify the mode of vibration of the wall which participates in radiation of a sound, and to negate this, 
improvement in insulation can be aimed at, without using the large wail of the sound transmission 
loss of a weight wall, a honeycomb structure wall, etc. 

[0Q58J(2) According to the invention according to claim 2, the mode of vibration which participates in 
radiation of a sound can be easily specified by investigating the symmetry of a mode-of-vibration 
form. 

[0059]{3) According to the invention according to claim 3, vibration of a wall can be controlled to 
negate this only for vibration which participates in radiation of a sound, without exciting vibration of 
the mode of vibration which does not participate in radiation of a sound. 


[Translation done.] 
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* NOTICES * 

JPG and INPIt are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 


TECHNICAL FIELD 

[Industrial ApplicationJThis invention relates to the active noise insulation method which improved 
insulation by controlling vibration of a wail in consideration of the oscillation characteristic of the wall 
which divides a noise source room and a sound receiving room. 


[Translation done.] 
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PRIOR ART 

[Description of the Prior ArtJHow to negate the sound emitted from the noise source as a measure 
against noise in the air, and the method of intercepting the propagation path of a sound on the way 
can be considered. The noise control art what is called by an active canceler which detects the sound 
from a noise source with a microphone, generates the signal of it, and an opposite phase and the 
same amplitude by a loudspeaker, and cancels the sound near a noise detecting point about the 
former (offset) appears, it applies to noise reductions, such as the shrine interior of a room of a duct, 
a refrigerator, and a passenger car, and the result is got. About the latter, the passive method of 
covering noise is still adopted by dividing with the large wall of sound transmission loss between the 
sound receiving rooms which wish the noise source room which builds in a noise source, and a noise 
reduction. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] In short, according to the active noise insulation method of this invention, the 
outstanding effect like the following can be demonstrated above. 

[0057](1) According to the invention according to claim 1 , since vibration of a wall is controlled to 
specify the mode of vibration of the wall which participates in radiation of a sound, and to negate this, 
improvement in insulation can be aimed at, without using the large wall of the sound transmission 
loss of a weight wall, a honeycomb structure wail, etc. 

[0058](2) According to the invention according to claim 2, the mode of vibration which participates in 
radiation of a sound can be easily specified by investigating the symmetry of a mode-of-vibration 
form. 

[0059](3) According to the invention according to claim 3, vibration of a wall can be controlled to 
negate this only for vibration which participates in radiation of a sound, without exciting vibration of 
the mode of vibration which does not participate in radiation of a sound. 


[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the lnvention]However. [ whether material with large specific gravity of 
lead, iron, etc. is used for a wall in order to acquire high insulation by the conventional noise 
insulation method, and ] Or application is difficult under the condition where needs to use thick sound- 
absorbing materials, such as honeycomb structure, etc., and a weight saving is required iike a 
present-day building and which has restriction also in capacity. 

[0004]This invention is originated under such a situation, and the purpose is to provide the active 
noise insulation method that high insulation can be acquired, without using a weight wall, a 
honeycomb structure wall, etc. 
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MEANS 

[Means for Solving the ProbiernjTo achieve the above objects, in an active noise insulation method of 
this invention, The mode of vibration which analyzes the mode of vibration of a wall which divides a 
noise source room and a sound receiving room, and participates in radiation of a sound is specified, 
Arrange a sensor for detecting the acceleration of vibration thru/or speed on each point of a wall 
corresponding to each mass point of a low dimension-ized model obtained by creating a iow 
dimension-ized model of a wail in the mode of vibration, and an actuator for making damping force 
act on a wall is attached to at least one place of a wall, An actuator is driven that vibration of a wall 
should be controlled based on a detecting signal from each sensor. 

[0006] In a noise insulation method of this invention, it is desirable to specify the mode in which the 
mode-of-vibration form is a non-object acoustically, as the mode of vibration which participates in 
radiation of the above-mentioned sound. 

[0007] In a noise insulation method of this invention, it is desirable to attach the above-mentioned 
actuator to a part corresponding to a mass point of the above-mentioned low dimension-ized model of 
the above-mentioned wall. 
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OPERATION 

[FunctionjThe active noise insulation method of this invention tends to control vibration of a wall to 
negate this only for vibration which participates in radiation of a sound paying attention to the point 
that the leakage of the sound occurs, when the wail which divides a noise source room and a sound 
receiving room resonates with noise and vibrates, since modern control theory effective in vibration 
control is unutilizable if the model of a controlled object is not specified, but a wall has the 
characteristic of the distribution constant of infinite flexibility - model creation of limited flexibility -- it 
is necessary to carry out And if flexibility is large, a controller will be enlarged, and since many 
number of sensors is necessities, it is desirable to !ow-dimension-ize a model to necessary minimum. 
Therefore, in the method of this invention, the mode of vibration which participates in radiation of a 
sound out of the mode of vibration which conducts mode-of-vibration analysis of a wall first, and exist 
in the predetermined frequency area which is going to insulate is specified, and the low dimension- 
ized model of the wall in the mode of vibration is created. Thus, it becomes possible to design a 
control system with the application of modern control theory by creating the low dimension-ized model 
of a controlled object. By and the thing for which the sensor for each point of the wall corresponding 
to each mass point of the obtained low dimension-ized modei, i.e., near the peak magnitude point of 
the mode of vibration which were pinpointed, detecting the acceleration of vibration thru/or 
displacement is arranged. The vibrational state of a controlled object, i.e., a wall, can be observed, 
and vibration of a wall can be effectively controlled by driving an actuator based on the detecting 
signal from each sensor. 

[0009]Drawing 5 is a monotonous example of mode-of-vibration analysis which constitutes a wall, and 
the 1-5th resonance frequency and a mode-of-vibration form are shown. When its attention is paid to 
the symmetry of a mode-of-vibration form, acoustically the 2-4th mode-of-vibration forms Symmetry, 
When it assumes that the primary mode-of-vibration form [ 5th ] is acoustically unsymmetrical, and 
the discharge of a sound and the quantity of a suction cancel it mutually acoustically in the case of 
the symmetrical mode, the mode of vibration which poses a problem which participates in radiation of 
a sound is the primary mode [ 5th ] that is the unsymmetrical mode acoustically. Thus, by 
investigating the symmetry of a mode-of-vibration form, the mode of vibration which participates in 
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radiation of a sound can be specified easily. 

[0010]Thus, the peak magnitude point of the specified mode of vibration is equivalent to the 
paragraph of other modes of vibration which do not participate in radiation of a sound. Therefore, 
vibration of a wall can be controlled to negate this only for vibration which participates in radiation of a 
sound, without exciting vibration of the mode of vibration which does not participate in radiation of a 
sound, if the actuator is attached to this point. That is, if an actuator is attached to the paragraph of 
the mode of vibration and improper control and a sensor will be attached, the active noise insulation 
method of this invention will arrange a sensor or an actuator in the paragraph in the mode in which he 
would like to ignore, using becoming improper observation, and wiil control vibration of a wall. 
According to this method, the control system which can prevent spillover structurally can be built. 


[Translation done.] 
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EXAMPLE 

[ExamplejNext, the example of the active noise insulation method of this invention is described. 
[00 12] An example when drawing 1 applies the active noise insulation method of this invention to the 
wall 1 which divides the noise source room (piano room) A and the sound receiving room (study for 
children) B is shown. Since it is transmitted to the sound receiving room B via the wall 1, if the noise 
of the noise source room A drives the actuator 4 based on the signal from the vibration sensors 12c, 
12u, and 121. attached to the wall 1 and vibration of the wall 1 is controlled effectively, the noise level 
of the sound receiving room B will reduce it substantially. 

[0013]Two kinds of gestalten of the equipment configuration taken in order to control vibration of a 
wall by the technique of this invention actively are shown in drawing 2. The figure (a) is a method 
which makes a fixing face support the actuator 4, attaches to the wall 1, controls the actuator 4 by the 
controlled variable made by the controller 19 based on the sensors [ 12c, 12u, and 121. ] detecting 
signal, and makes damping force act on the wall 1. 

The figure (b) is a method which attaches the actuator 4 to the wall 1 via an elastic body (here, a 
model is made by the retaining spring 20), and makes the damping force of the actuator 4 act on the 
wall 1 by making into reaction force the inertia force of the auxiliary mass md provided in the actuator 
4 instead of the fixing face. 

In the figure (a), when a fixing face is not acquired, the actuator 4 is separately supported by a 
support member. In that case, it is desirable to design the controller 19 in consideration of the 
characteristic of a support structure. 

[0014]Next, in order to show the validity of the active noise insulation method of this invention, a 
simulation and an experiment show the case which constitutes the wall of a building where this 
method is applied monotonously. 

[0015]The plate used for the experiment is plywood of 1200x1000x3 mm. As shown in drawing 3, it 
held vertically to the ground surface by fixing and attaching a periphery to the buck 3 fixed to the 
vertical wall 2 In this plate 18. And it is the plate 18 as shown in drawing 4 120 It decomposed into the 
finite element of the individual and experimental mode analysis was conducted. From this analysis 
result to this plate It fumed out that the 1st order to the 7th mode of vibration exists between 0 Hz - 40 
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Hz. When it assumes that the discharge of a sound and the quantity of a suction cancei drawing 5 
mutually acoustically in the case of the symmefrical mode of vibration as the primary resonance 
frequency [ 5th ] - the mode-of-vibration form in this case were shown and mentioned above, the 
mode of vibration which poses a problem here is the primary mode [ 5th ]. 
[0016]Nexi, it is based on the mode-of-vibration form of the plate 18 of the distributed parameter 
system which was able to be found in experimental mode analysis under the above-mentioned 
consideration, and three mass points are specified as the position on the plate 18 shown in drawing 
4, and 3 lumped mass models like drawing 4 are created. The spring constant of the spring between 
k.. (i and j are the numbers of each mass point), and each mass point and a fixing face is defined for 

the spring constant of the spring which connects m^ m 2> m 3 , and each mass point for the mass of 

each mass point as k. (i~ 1, 2, 3) here. However, externa! force f. (i= 1, 2, 3) which includes controlling 

force respectively shall act at each mass point. It is as follows when the equation of motion of these 3 
lumped mass models is built. 
[0017] 
[Equation 1] 

mjXj+Oc i+k l2 +k , j)x ,-k ,3X3=^ {l) 
m>V(k|j+l<jj+k.Ox}-kj.V t r k l? x i =fj (3) 


[0020]lt becomes. Then, the characteristic mode procession acquired by solving the eigenvalue 
problem of this formula is set as follows. 
[0021] 
[Equation 3] 

* = \hl fcl $u 

[hi hihs\ (5) 
tltiL+iy. (iliJUff-, Jli*- K*») 

[0022]On the other hand, it is the relation between the inverse matrix of the mass matrix M of a 
physical coordinate system, and a characteristic mode procession, [0023] 
[Equation 4] 


http : //www4 . ipdl . inpit . go . jp/cgi-bin/tran_web_cgi_ej je?atw_u=http%3A%2F . . . 


[001 8]lf this formula is indicated by a procession, [0019] 
[Equation 2] 
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A B 

M- | =*» T - A ^1+^2+4^ C. 

B C <b 2 s ^ 2 «hV 

(6) 

*11=<fel, fcaffei, *12=-^32. $22=° 

[0024]From the character of a mass matrix without acceieration ganging, A, B, and C must be zero. 
Then, error-function epsiion 1 and epsilon 2 are defined as follows, and it considers bringing these 

close to zero. 
[0025] 
[Equation 5] 

A=C=<t>, _ B»i>? r O? 2 +<j>?j=£ 2 

[0026]lf the five variables phi 11 included in each formula, phi 21, phi 12, phi 13, and the sensitivity 
procession of phi 23 are defined like a formula (7) and a correction vector {deltaphi} is defined further, 
an error function can be brought close to zero by a formula (8). 
[0027] 
[Equation 6] 





a? 





1 o 








at 

i «♦,, 



|%3 


0 ^3 *, 3 


[0028]lf the characteristic mode procession which diagonaiizes a formula (6) is searched for and £ 
mass matrix is calculated by a formula (8), it can be found as follows. 
[0029] 
[Equation 7] 


I mi 0 0 fo.3075 0 0 
0 ra 2 0 = 0 0,5876 0 
0 0 m, 0 0 0.3075 j 


(95 


[0030]lf a stiffness matrix is calculated, it can be found as follows. 

[0031] 

[Equation 8] 
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[ki+k l2 +k l3 -fc, 2 -k s3 1 
| -k i2 k u +k 2 +k a -kjj 
L k|j+*»**ij 

f 0,69x10* -0.72x!0 4 0.30x!0 4 1 
= -0.72x!0* 1.22x10* -0.72x10+ 

[0.30x10* -0.72x10* Q.69xlQ 4 j {i0) 

[0032]From these formulas, the physical constant of the Sumped-para meter-system 3 flexibility model 
shown in drawing 4 can be found as follows. 
[0033] 
[Equation 9] 

m.=0.3075SkgJ i m 2 =0.5876[kg] ra 3 =03075L"kg] 
k, -0.28xlO*tNAn], k 2 = -0.21xtQ«[N/ m ] 
k, = 0.28x1 0*[N/m] t k n = 0.72*10^N/m] 
k a « 0.72x1 OtNAn], k 13 = -0.30x1 Q«[N/ra] 

[0034]Comparison of the mode-of-vibration form obtained in actual experimental mode analysis and 
the mode-of-vibration type acquired by this modeling approach is shown in drawing 7. In the figure, 
thin solid lines are the mode form called for in experimental mode analysis, and the mode form from 
which the thick solid line was obtained with this modeling method, and it turns out that the mode is in 
agreement in three mass points. 

[0035]The control system at the time of thinking as important that amplitude controls the mode of 
vibration which is the 1st greatest order, and attaching an actuator also in each mode, to the low 
dimension-ized model created as mentioned above, at a central mass point (mass m 2 ) is designed. 

Since the point of this center is equivalent to the paragraph of the secondary mode of vibration [ 3rd / 
4th ], ****** is a point which is not about vibration of these modes. This point is equivalent to the point 
of the center of the actual plate 18. 

[0038]The actuators 4 used in the active noise insulation method of this invention are improved goods 
of a loudspeaker. 

As sho wn in :■ sv ■ . 9, it has the moving coil 6 twisted around the circumference of the movable core 
tube 5, and the ring like magnet 7 which surrounds this, and it has become the mechanism of driving 
the diaphragm 8 which made electromagnetic force acting on this and was attached to the movable 
core tube 3, by controlling the energization to the moving coil 6. 

The actuator 4 is held in the middle position of the plate 18 by fixing the flange 7a of the ring like 
magnet 7 io the support member 9 of the couple which built the buck 2 of the plate 18 in parallel 
mutually, and was provided in it as shown in Rawing 1 with the bolt 10, The connection with the plate 
18 is made by connecting to the point of the center of the plate 18 the tip part of the connection binder 
1 1 of the taper which protruded on the center section of the diaphragm 8 by methods, such as 
adhesion. In drawing_9, the supporter of the movable side element containing the diaphragm 8 to the 
fixed side element containing the ring like magnet 7 is modeled and shown by the spring (spring 
constant kj and the attenuation factor (damping coefficient CJ. 

[0037]Then, the low dimension-ized physical model at the time of attaching this actuator 4 to the plate 
http : //www4 . ipdl . inpit . go . jp/cgi-bin/tran_web_cgi_ej je?atw_u==http%3A%2F . . . 
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18 is expressed like drawing 8. This physical model considers the support member 9 as a perfect 
rigid body. 

It is equivalent to the model i n the ca se of drawing 2 (a). 


[0038]lt is as follows, when the equation of motion at the time of attaching the actuator 4 to mass m 2 

using this physical model is created and this is expressed with an equation of state. 
[0039] 

[Equation 10] 

K=AX+bu 


h h *i *2 x j1 
k,+k,,+k n 


» 1ST " mT 

0 0 0 ^ 

1 Q 0 0 
0 i 0 0 
0 0 i 0 


b=K,-(0 ^ 0 0 0 0 0] 


(17) 
(18) 


(19) 
(20) 


[0040]Thus, if a control system is expressed with an equation of state, the optimal control theory 
which is modern control theory is applicable, in optimal control theory, the following state feedbacks 
determine a controlled variable. 
[0041] 

[Equation 11] 

u=-KX _ (2!) 

K=j Kj K a K 3 K 4 K s K 6 ] ^2) 

Jo (23) 

[Q042]The simuiation of the vibration controi of the plate 18 was performed using the above designed 
value. The result of the frequency response is shown in drawing 10. In the figure, (a) shows the 
frequency response in the point of the center of the plate 18, and (b) shows a response at the point of 
the sensor attached to one belly of the 5th mode of vibration of the plate 18. As shown in (a), when 
active controi is added, the peak of vibration of the primary mode f 5th ] is decreasing, and an 
effective effect of intercepting noise can be expected. Since the fixing position of the actuator 4 is a 
center of the plate 18 in (b), to the secondary mode of vibration, become improper control, but. it 
turns out that the peak of the primary mode of vibration [ 5th ] can be reduced without affecting the 
peak of the secondary mode of vibration from the result of this simulation. 

[0043]Next, the time response corresponding to this frequency response is shown in drawing 1 1 . The 
time response in the point of the center of the plate 18 is quickly converged by active vibration 
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contra!, as shown in the figure (a). As the time response in the point of the upper part of the plate 18 
is shown in the figure (b), the secondary peak remains as well as a frequency response, but the 
primary mode [ 5th ] is converged. 

[0044]Next, as shown in drawing_3, the noncontact sensors 12c, 12u, and 121. for detecting 
displacement of each point at the point Pc of the center of the plate 18 and the points Pu and PI of 
two bellies (upper part and lower part) of the 5th mode of vibration are arranged, Each displacement 
data the case where the actuator 4 is operated, and in not operating was measured. 
[0045]The composition of the controller 19 used in this experiment is shown in drawing 12. in this 
composition, the displacement signal from each noncontact sensors 12c, 12u, and 121. is inputted into 
the personal computer 14 through A/D converter 13 by 1 kHz of sampling frequencies. The personal 
computer 14 computes a speed signal by differentiation of this displacement signal, and obtains each 
quantity of state. And a controlled variable is computed by carrying out the multiplication of the 
feedback gain which used and determined optima! control theory as the obtained quantity of state, 
After the controlled variable computed with the personal computer 14 is changed into an analog 
signal by D/A converter 15, it is amplified with the amplifier 16 and inputted into the actuator 4. With 
this input signal, the actuator 4 drives and vibration of the piate 18 is controlled. 
[0046]lmpulse excitation of the upper part of the piate 18 is carried out to drawing 13, and the 
frequency response obtained with the FFT-analysis machine is shown, in the figure, a dotted line is 
the response at the time of un-controlling, and a solid line is the response at the time of control, (a) is 
the response detected by the sensor 12c attached to the central part of the piate 18, and (b) shows 
the response at the point of the sensor 12u attached to the upper part of the piate 18. The peak of the 
primary frequency [ 5th j is observed for both sides at the time of un-controlling. When control is 
applied to this plate 18, it turns out that the primary peak value [ 5th J is falling greatly and vibration is 
controlled effectively. In drawing 14 (b), it is observed by having formed the actuator 4 in the point of 
the center of the plate 18 which is an improper control point of the secondary mode of vibration, 
without exciting vibration of the secondary mode. This is very well in agreement with the result of a 
simulation, and, thereby, the validity of 3 lumped mass models understands it. This experimental 
result shows that vibration can be controlled without carrying out spill OBAWO generating also about 
the 6th mode [ 7th ] that is the simultaneous still higher order mode. 

[0047]Therefore, by applying the composition of the above-mentioned control system to the wall 1 
which divides the noise source room and sound receiving room of a actual building, vibration of the 
wail which participates in radiation of a sound can be prevented, and high insulation can be acquired, 
without using a weight wail, a honeycomb structure wall, etc. When applying this method to the actual 
wail 1, the personal computer 14 of the controller 19 shown in drawing 12 can be reset to the thing of 
the minimum necessary, such as a microcomputer chip and a memory device. 
[0048]!n the above-mentioned example, if the control system is designed in consideration of vibration 
of the support member 9 which supports the actuator 4, it is possible to be able to control vibration of 
a wail more effectively and to acquire insulation still higher than the above-mentioned example. The 
physical model for designing this control system is created, for example like drawing 14. In the model 
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shown in drawing 8, this physical model adds lumped mass m c and spring constant k £ of the model 

element 9 of the support member 9, i.e., a support member, between the model element of the 
actuator 4, and a fixing face. 

[0049]lt is as follows, when the equation of motion is created using this physical model and this is 
expressed with an equation of state. However, since it is easy, attenuation factor C g of the actuator 4 

ignores. 
[0050] 

[Equation 12] 
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[0051 ]By determining a controlled variable as this equation of state with the application of optimal 
control theory, a control system also including the support member 9 of the actuator 4 can be 
designed. The thing of the same composition as drawing 12 can be used for the control device in that 
case by changing a program, data, etc. which are stored in the computer 14. 
[0052]The active noise insulation method of this invention is not limited to the above example, and, 
for example the mounting part of the actuator 4, As long as it is a part which does not excite the mode 
of vibration which can make damping force act on the mode of vibration which participates in radiation 
of a sound, and does not participate in radiation of a sound, except the center section of the plate 18 
may be sufficient, and it may attach to two or more parts of the plate 18. When two or more actuators 
4 are used, a control system will become more complicated than the above-mentioned example, but 
the vibration control of the plate 18 with higher insulation is possible. 

[0053] It may replace with the above-mentioned noncontact sensors 12c, 12u, and 121., and an 
acceleration sensor may be used. Since an acceleration sensor can be used for the plate 18, 
attaching it to it directly, erroneous detection of the vibration of the holding frame 3 etc. is not carried 
out as vibration of the plate 18, and it is suitable for the actual control system rather than the 
noncontact sensor. 

[0054]The active noise insulation method of this invention can be applied to a griddle, a glass plate, 
and other various wailplates other than the plywood shown in the above-mentioned example, and can 
be applied effective also in the wall of a passenger car, a marine vessel, etc. 
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[0055]the example of being versatility, such as various studios and an engine room, can be 
considered besides the piano room shown in this example as an example of a noise room. If a wall is 
considered to be an outer wall of a hull., the feature of the ship recognized by the pattern of a sound is 
also arbitrarily changeable by the active noise insulation method of this invention. 


[Translation done.] 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1-This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[D raw ing 1 Jit is a key map showing one example of the active noise insulation method of this 
invention. 

[Drawing 2]lt is a schematic diagram showing the equipment configuration for carrying out active 
noise insulation of this invention. 

[Draw ing 3J it is a figure showing an example of an experimental device for the validity of the active 
noise insulation method of this invention to be shown, and (a) is a front view and (b) is an A- 
A'sectional view of (a). 

[Drawing i 4]it is a key map showing the mass of a monotonous structure which constitutes a wall, and 
its physical model. 

[Drawing 5]lt is a figure showing the monotonous mode of vibration acquired in experimental mode 
analysis. 

[Drawing 6]it is a figure showing a monotonous physical model (Sow dimension-ized model). 
[Drawing 7]lt is a figure showing the monotonous mode-of-vibration form obtained by an experiment 
and calculation, and its monotonous low dimension-ized model. 

[Drawing 8] It is a figure showing the physical model at the time of attaching an actuator. 
[Drawing 9|lt is a sectional view showing the structure of an actuator. 
[Drawing 10] It is a figure showing the result of the frequency response by a simulation. 
[Drawing 1 1jlt is a figure snowing the time response corresponding to the frequency response of 
drawing 8. 

[Drawing 12] It is a lineblock diagram of the controller used for the experiment. 

[Drawing 13]lt is a figure showing the result of the frequency response by a simulation. 

[Drawing 14Jlt is a figure showing other examples of the physical model at the time of attaching an 

actuator. 

[Description of Notations] 
1 Wall 
4 Actuator 
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12c Sensor 

12u Sensor 

12 I. Sensor 

A Noise source room 

B Sound receiving room 


[Translation done,] 
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DRAWINGS 


[Drawing 1] 
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[Drawing 4] 



[Drawin g 8] 
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[Drawin g 8 ] 



[Drawing 9] 
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[Drawin£lOJ 
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[Drawing 11] 
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[Drawin g 14] 
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